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(54) Ozone adsorbent, ozone-adsorbing molded product, and method of making same 



(57) An object of the present invention is to provide 
an ozone adsorbent which has high ozone-adsorbing 
power even in a moisture-containing system and exhib- 
its a high degree of ozone retention (and a low degree 
of ozone decomposition), as well as a molded product 
made by molding this ozone adsorbent into a form 
adapted to practical use, and a method of making the 



same. The present invention provides an ozone adsorb- 
ent comprising one or more members selected from the 
group consisting of high-silica pentasilzeolite having a 
Si02/Al203 ratio of not less than 70, dealuminized fau- 
jasite having a SiOg/AlgOs ratio of not less than 20, and 
mesoporous silicate having a SiOg/AlgOa ratio of not 
less than 20, as well as an ozone-adsorbing molded 
product and a method of making the same. 
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Description 

FIELD OF THE INVENTION AND RELATED ART 
STATEMENT 

[0001] This invention relates to ozone adsorbents 
having excellent ozone-adsorbing power and exhibiting 
a low degree of ozone decomposition, and particularly 
to ozone adsorbents which are suitable for the storage 
of ozone or for use in a pressure-swinging or tempera- 
ture-swinging adsorption process for the concentration 
of ozone. Moreover, this invention also relates to molded 
products made by molding such an ozone adsorbent in- 
to a desired form, and a method of malting the same. 
[0002] Ozone is an oxidizing agent which is so clean 
as not to cause secondary environmental pollution and 
can be handled easily. Consequently, it is being widely 
used in the fields of sterilization, cleansing, oxidation 
bleaching and the like. 

[0003] On the other hand, ozone is easily decompos- 
able, so that it cannot be stored in a gas cylinder or the 
like. Generally, ozone produced by an ozone generator 
of the silent discharge type, the ultraviolet lamp type, 
the water electrolysis type or the like is directly used. 
Thus, it has been conventional practice to install an 
ozone generator at the site for use and obtain ozone by 
operating it as required. Ozone supplied directly from 
an ozone generator cannot be readily accommodated 
to variation in load on the consumption side. 
[0004] Accordingly, there is a demand for a storage 
method in which ozone is previously stored by adsorp- 
tion to an ozone adsorbent and may be freely desorbed 
in an amount required for use. However, an ozone ad- 
sorbent which can adsorb a large amount of ozone has 
not been developed as yet The use of an ozone adsorb- 
ent which can adsorb only a small amount of ozone is 
disadvantageous from an economic point of view in that 
a large amount of the ozone adsorbent is required and 
the size of storage equipment is increased. 
[0005] On the other hand, ozone generators of the si- 
lent discharge type, the ultraviolet lamp type, the water 
electrolysis type and the like fail to produce a high con- 
centration of ozone. Accordingly, when a high concen- 
tration of ozone is to be used continuously, it is neces- 
sary to concentrate an ozone-containing gas according 
to a pressure-swinging or temperature-swinging ad- 
sorption process. However, an ozone adsorbent which 
shows a great difference in adsorbing power at different 
pressures or temperatures has not been developed as 
yet. 

[0006] Japanese Patent Laid-Open No. 64690/78 
discloses an oxygen-recycling ozone generation sys- 
tem in which silica gel is used as an ozone adsorbent, 
ozone is generated by using liquid oxygen as a raw ma- 
terial, the resulting ozone-containing gas is cooled to 
about -60°C and fed to an adsorption lower packed with 
silica gel so as to cause ozone to become adsorbed 
thereto, and heated dry air is introduced into the adsorp- 



tion tower having ozone adsorbed therein so as to des- 
orb the ozone by hot purging and thereby produce a gas 
containing a high concentration of ozone. Generally, sil- 
ica gel has high moisture-adsorbing power, so that mots- 

5 ture is strongly adsorbed prior to the adsorption of ozone 
and accumulated in the adsorbent. In a moisture-con- 
taining system, therefore, the amount of ozone ad- 
sorbed is markedly decreased and a considerable 
amount of energy is required for the regeneration of the 

10 adsorbent. Moreover, ozone is easily decomposed upon 
contact with silica gel to cause a reduction in ozone re- 
covery or ozone concentration. Furthermore, silica gel 
may be reduced to powder after repeated adsorption of 
moisture. 

15 

OBJECT AND SUMMARY OF THE INVENTION 

[0007] Accordingly, an object of the present invention 
is to solve the above-described problems by providing 

20 an ozone adsorbent which has high ozone-adsorbing 
power even in a moisture-containing system and exhib- 
its a high degree of ozone retention (and a low degree 
of ozone decomposition), as well as a molded product 
made by molding this ozone adsorbent into a form 

25 adapted to practical use. and a method of making the 
same. 

[0008] In order to accomplish the above object, the 
present invention provides: 

30 (1) An ozone adsorbent comprising one or more 
members selected from the group consisting of 
high-silica pentasilzeolite having a Si02/Al203 ratio 
of not less than 70, dealuminized faujasite having a 
Si02/Al203 ratio of not less than 20, and mesopo- 

35 rous silicate having a SiOa/AlgOg ratio of not less 
than 20. 

(2) An ozone-adsorbing molded product made by 
providing an ozone adsorbent powder comprising 
one or more members selected from the group con- 

40 sisting of high-silica pentasilzeolite having a SiOg/ 
AI2O3 ratio of not less than 70, dealuminized fauja- 
site having a SiOa/AUOg ratio of not less than 20, 
and mesoporous silicate having a SiOg/AlgOg ratio 
of not less than 20, and molding the powder by use 
of a Si02 binder having an aluminum content of not 
greater than 2% by weight, the ozone-adsorbing 
molded product having a porosity in the range of 30 
to 70% and a residual carbon content of not greater 
than 0.1% by weight. 

50 (3) An ozone-adsorbing molded product as de- 
scribed above in (2) wherein the ozone-adsorbing 
molded product is in the form of a honeycomb. 
(4) A method of making an ozone-adsorbing mold- 
ed product as described above in (2) or (3) which 

5= comprises the steps of adding the SiO, binder and 
an organic pore-forming agent to the ozone adsorb- 
ent powder, molding the resulting mixture, and dry- 
ing and firing the molded body to remove the organ- 
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ic pore-forming agent and thereby form pores. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is a graph showing the amount of ozone 
adsorbed as a function of partial ozone pressure (cor- 
responding to adsorption pressure) for high-silica pen- 
tasilzeolite, dealuminized faujasite and mesopcrous sil- 
icate in accordance with the present invention, and silica 
gel conventionally known as an ozone adsorbent. 
[0010] FIG. 2 is a graph showing the amount of ozone 
adsorbed as a function of adsorption temperature for 
high-silica pentasilzeolite, dealuminized faujasite and 
mesoporous silicate in accordance with the present in- 
vention, and silica gel conventionally known as an 
ozone adsorbent. 

[0011] FIG. 3 is a graph showing the degree of ozone 
retention at an adsorption temperature of 25''C as a 
function of retention time for dealuminized faujasite and 
mesoporous silicate in accordance with the present in- 
vention, and silica gel conventionally known as an 
ozone adsorbent. 

[001 2] FIG. 4 is a graph showing the degree of ozone 
retention at an adsorption temperature of -60*0 as a 
function of retention time for dealuminized faujasite and 
mesoporous silicate in accordance with the present in- 
vention, and silica gel conventionally known as an 
ozone adsorbent. 

[0013] FIG. 5 is a graph showing the relationship be- 
tween the SiOg/AlgOa ratio and the degree of ozone de- 
composition as determined by preparing samples vary- 
ing in Si02/Al203 ratio for high-silica pentasilzeolite, 
dealuminized faujasite and mesoporous silicate in ac- 
cordance with the present invention. 
[0014] FIG. 6 is a graph showing the relationship be- 
tween the aluminum content in the binder and the de- 
gree of ozone retention for ozone-adsorbing molded 
products made by molding dealuminized faujasite and 
mesoporous silicate in accordance with the present in- 
vention by use of a binder. 

[0015] FIG. 7 is a graph showing the relationship be- 
tween the residual carbon content and the degree of 
ozone retention for ozone-adsorbing molded products 
made by molding dealuminized faujasite and mesopo- 
rous silicate in accordance with the present invention by 
use of a binder. 

[0016] FIG. 8 is a schematic illustration of equipment 
for testing the ozone adsorption characteristics de- 
scribed in the Examples. 

[0017] FIG. 9 is a graph showing a breakthrough 
curve at an adsorption temperature of 32°C for mesopo- 
rous silicate in accordance with the present invention. 
[0018] FIG. 10 is a graph showing a regeneration 
curve at an adsorption temperature of 32°C for mesopo- 
rous silicate in accordance with the present invention. 
[0019] FIG. 11 is a graph showing a breakthrough 
curve at an adsorption temperature of -SO'C for mes- 
oporous silicate in accordance with the present inven- 



tion. 

[0020] FIG. 12 is a graph showing a regeneration 
curve at an adsorption temperature of -60°C for mes- 
oporous silicate in accordance with the present inven- 
5 tion. 

[0021] The reference numerals shown in these fig- 
ures are defined as follows: 1, ozone generator; 2, ad- 
sorbent container; 3, three-way valve; 4, ozone analyz- 
er; 5 to 8, valve; 9, mass flow controller; 10, He gas. 

10 

DETAILED DESCRIPTION OF PREFERRED 

EMBODIMENTS 

[0022] High-silica pentasilzeolite, which is an ozone 

IS adsorbent in accordance with the present invention, can 
be obtained by hydrothermal synthesis at a temperature 
of 150 to 180°C while using sodium silicate or fumed 
silica as a silica source and tetrapropylammonium bro- 
mide as an organic template. In order to present a fea- 

20 ture of the present invention which is characterized by 
a large amount of ozone adsorbed even in a moisture- 
containing system, high-silica pentasilzeolite should 
have a SiOj/AlgOg ratio of not less than 70 and prefer- 
ably not less than 100. 

25 [0023] Dealuminized faujasite, which is an ozone ad- 
sorbent in accordance with the present invention, can 
be obtained by treating a Na-Y type zeolite having a 
SiOg/AlgOa ratio of about 5 with aqueous ammonia to 
remove most aluminum from the zeolite skeleton.. In or- 

30 der to present a feature of the present invention which 
is characterized by a large amount of ozone adsorbed 
even in a moistu re-containing system and also by a high 
degree of ozone retention (and a low degree of ozone 
decomposition), dealuminized faujasite should have a 

35 SiOg/AlgOg ratio of not less than 20 and preferably not 
less than 50. 

[0024] Mesoporous silicate, which is an ozone ad- 
sorbent in accordance with the present invention, is a 
porous silica material having mesopores with a diameter 

40 of 1 0 to 1 ,000 angstroms and can be obtained according 
to various preparation processes. Its AI2O3 ratio can be 
controlled by modifying the conditions of preparation, 
and the like. In order to present a feature of the present 
invention which is characterized by a large amount of 

45 ozone adsorbed even in a moisture-containing system 
and also by a high degree of ozone retention (and a low 
degree of ozone decomposition), mesoporous silicate 
should have a SiOg/AlaOg ratio of not less than 20 and 
preferably not less than 50. 

50 [0025] MCM-41 that is one form of mesoporous sili- 
cate has been developed by Mobil Corp. This is pre- 
pared by hydrothermal synthesis at a temperature of 
MCC and a pH of 1 3.5 while using water glass or so- 
dium silicate as a silica source and a cationic surface- 

55 active agent (with 8 or more carbon atoms) as an organ- 
ic template, and has a specific surface area of about 
1 ,600 m2/g and a SiOg/AlgOa ratio of about 1 ,000. 
[0026] FMS-1 6, which is one form of mesoporous sil- 
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icate, has been developed by Kuroda, Inagaki and oth- 
ers. FMS-16 is produced by intercalating a cationic sur- 
face-active agent into kanemite. It is similar in structure 
to MCM-41 and has a Si02/Al203 ratio of about 1 ,000. 
[0027] Low-temperature mesoporous silicate (1) Is a 
compound obtained according to a process proposed 
by Stucky and others. This can be synthesized at room 
temperature and at a pH of 1 or less by using tetraelhox- 
ysilane (TEOS) as a silica source and a cationic surface- 
active agent as an organic template. 
[0028] Low-temperature mesoporous silicate (2) is a 
compound obtained according to a process developed 
by the present inventors. This can be synthesized at 
room temperature and at a pH of 1 or less by using silica- 
free polycondensed silicic acid as a silica source and a 
cationic surface-active agent as an organic template. 
[0029] High-silica pentasllzeolite, dealuminized fauja- 
site and mesoporous silicate, which are ozone adsorb- 
ents in accordance with the present invention, adsorb a 
larger annount of ozone as compared with silica gel 
which has conventionally been used as an ozone ad- 
sorbent (see FIGs. 1 and 2). Moreover, dealuminized 
faujasite and mesoporous silicate exhibit a higher de- 
gree of ozone retention (i.e., a greater ability to retain 
ozone without decomposing it) as compared with silica 
gel which has conventionally been used as an ozone 
adsorbent (see FIGs. 3 and 4). 

[0030] With regard to each of high-silica pentasllzeo- 
lite, dealuminized faujasite and mesoporous silicate in 
accordance with the present Invention, a series of sam- 
ples whose SiCVAIgOa ratios varied from 15 to 1,000 
were prepared and examined for the degree of ozone 
decomposition. Specifically, an aqueous ozone solution 
at ZS'C, which had an ozone concentration of 1 0 ppm, 
was passed through an adsorption tower packed with 
80 liters of each of the aforesaid ozone adsorbents. Af ler 
the ozone adsorbent was saturated with ozone, the 
ozone concentration (C^ ppm) in water flowing out from 
the adsorption tower was measured, and the degree of 
ozone decompositbn was calculated according to the 
following equation. The results thus obtained are shown 
in FIG. 5. 

Degree of ozone decomposition (%) = 
[(10-C,)/10]x 100 

[0031] As is evident from FIG. 5, the practical range 
of SiOg/AlgOj ratio which gives a degree of ozone de- 
composition of not greater than 20% Is not less than 70 
for high-silica pentasilzeolite, not less than 20 for dea- 
luminized faujasite, and not less than 20 for mesoporous 
silicate. 

[0032] The ozone-adsorbing molded product of the 
present invention is made by adding a binder and an 
organic pore-forming agent (e.g., cellulose) to an ozone 
adsorbent powder comprising one or more of the above- 
described high-silica pentasilzeolite, dealuminized fau- 



jasite and mesoporous silicate, molding the resulting 
mixture, and drying and firing the molded body to re- 
move the organic pore-forming agent and thereby form 
pores. The form of the molded product may be chosen 
s according to the purpose of use, and specific examples 
thereof include honeycombs, Raschig rings, pellets and 
granules. 

[0033] As the binder used to make the ozone-adsorb- 
ing molded product of the present invention, there may 

10 be used SiOa binders such as silica sol and water glass. 
In order to achieve a degree of ozone retention of not 
less than 90%, the aluminum content in the SiOg binder 
should preferably be kept within 2% by weight (see FIG. 
6). The amount of binder used in the molded product is 

IS suitably in the range of 1 0 to 60 parts by weight per 1 00 
parts by weight of the ozone adsorbent powder. 
[0034] No particular limitation is placed on the type of 
the organic pore-forming agent used to make the ozone- 
adsorbing molded product of the present invention, so 

20 long as it exerts no adverse influence on moldability and 
It can be completely removed by firing. Specifically, cel- 
lulose compounds are preferably used. The amount of 
organic pore-forming agent used may be determined 
according to the type of the pore-forming agent used, 

25 the porosity required of the desired molded product, and 
the like. However, it is generally suitable to use the or- 
ganic pore-forming agent in an amount of 10 to 30 parts 
by weight (as a charge level) per 100 parts by weight of 
the ozone adsorbent powder. 

30 [0035] In order to make the ozone-adsorbing molded 
product, a suitable binder and a suitable organic pore- 
forming agent, together with a solvent (e.g., water), are 
added to an ozone adsorbent powder in the above-de- 
fined proportions. If necessary, a high polymeric floccu- 

•35 lant is also added thereto. After this mixture is molded 
into a desired form, the molded body is dried and fired 
to remove the organic pore-forming agent and the high 
polymeric flocculant. The firing temperature is suitably 
in the range of 400 to TOO^C. The molded body must be 

40 fully fired because any residual organic matter or carbon 
is causative of ozone decomposition. If the firing tem- 
perature is lower than 400°C, the organic matter and the 
like may not be fully removed, while if It is higher than 
700"'C. the high-silica adsorbent will undergo heat de- 

45 terioration. In order to achieve a degree of ozone reten- 
tion of not less than 90% from a practical point of view, 
the residual carbon content in the molded product 
should preferably be kept within 0.1% by weight (see 
FIG. 7). 

so [0036] The porosity of the ozone-adsorbing molded 
product of the present invention is suitably in the range 
of 30 to 70%. This range of porosity is suitable for con- 
tact with adsorption surfd!:es and an ozone-containing 
gas. 

55 [0037] Owing to the above-described composition, 
the present invention can provide ozone adsorbents 
which have high ozone-adsorbing power even in a mois- 
ture-containing system and exhibit a high degree of 
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ozone retention and a low degree of ozone decomposi- 
tion, and thereby contributes to the practical use of 
ozone storage apparatus and ozone concentration ap- 
paratus based on a pressure-swinging or temperature- 
swinging adsorption process. Moreover, when such 
ozone adsorbents are molded into honeycombs or other 
forms, a high degree of ozone retention can be achieved 
by restricting the aluminum content in the binder and the 
residual carbon content in the molded products. 

Example 1 

[0038] Using high-silica pentasilzeoiite (with a SiOg/ 
AI2O3 ratio of 200), dealuminized faujasite (with a S\02/ 
AI2O3 ratio of 70) and mesoporous silicate (with a SiOg/ 
AI2O3 ratio of 1 ,000) as ozone adsorbents, the amount 
of ozone adsorbed by each ozone adsorbent was meas- 
ured. Silica gel was also used for comparative purposes. 
Specifically, 5 g of each of the aforesaid ozone adsorb- 
ents was charged into the adsorbent container 2 of test- 
ing equipment illustrated in FIG. 8. An ozone-containing 
gas produced by an ozone generator 1 based on the 
electrolysis of water was used for testing purposes. This 
gas was composed of 10 Vol.% O3, 87 vol.% O2 and 3 
voi.% H2O. 

[0039] While the ozone adsorbent was kept at 25°C, 
the ozone-containing gas was introduced into the ad- 
sorbent container in such a way that the partial ozone 
pressure was adjusted to 0.1 atm. or 1 atm. by control- 
ling the vales 5 and 6. The ozone concentration in the 
effluent gas from the adsorbent container was meas- 
ured by means of an ozone analyzer 4. First of ail, the 
saturation of the ozone adsorbent was confirmed by de- 
tecting ozone with the ozone analyzer 4. Thereafter, He 
gas was made to flow through the adsorbent container 
2 by cbsing the valves 5 and 6, opening the valves 7 
and 8, and turning the three-way valve 3. Thus, the de- 
sorbed ozone-containing gas was fed to the ozone an- 
alyzer 4. In this process, the flow rate of the gas fed to 
the ozone analyzer 4 was kept constant by adding He 
gas to the test gas by way of a mass flow controller 9. 
The total amount of ozone desorbed was determined 
and regarded as the amount of ozone adsorbed. FIG. 1 
is a graph showing the amount of ozone adsorbed as a 
function of the partial ozone pressure. It can be seen 
from FIG. 1 that, as to the amount of ozone adsorbed, 
high-silica pentasilzeoiite and mesoporous silicate are 
excellent, and even dealuminized faujasite Is superior 
to silica gel. If the adsorption pressure and the desorp- 
tion pressure are set at 1 atm. and 0.1 atm.. respectively, 
the difference therebetween in the amount of ozone ad- 
sorbed as shown in FIG. 1 corresponds to the amount 
of ozone which can be treated. Accordingly, it can be 
seen that high-silica pentasilzeoiite and mesoporous sil- 
icate are especially suitable for the concentration of 
ozone by a pressure-swinging process. 
[0040] Next, the amount of ozone adsorbed was 
measured under the same conditions as described 



above, except that the flow rate of the ozone-containing 
gas was controlled with the valves 5 and 6 so as to give 
a partial ozone pressure of 0. 1 atm. and the temperature 
of the ozone adsorbent was varied from -60''C to 30"C. 

5 FIG. 2 is a graph showing the amount of ozone adsorbed 
as a function of the adsorption temperature. It can be 
seen from FIG. 2 that, as to the amount of ozone ad- 
sorbed, high-silica pentasilzeoiite and mesoporous sili- 
cate are excellent, and even dealuminized faujasite is 

10 superior to silica gel. If the adsorption temperature and 
the desorption temperature are set at -60°C and 30°C, 
respectively, the difference therebetween in the amount 
of ozone adsorbed as shown in FIG. 2 corresponds to 
the amount of ozone which can be treated. Accordingly, 

'S it can be seen that high-silica pentasilzeoiite and mes- 
oporous silicate are especially suitable for the concen- 
tration of ozone by a temperature-swinging process. 

Example 2 

20 

[0041] The same silica gel, dealuminized faujasite 
and mesoporous silicate as used in Example 1 were 
used as ozone adsorbents. Each of these three ozone 
adsorbents was charged into the adsorbent container 2 

25 of the testing equipment illustrated in FIG. 8. An ozone- 
containing gas was introduced into the adsorbent con- 
tainer 2 under the same conditions as described in Ex- 
ample 1 , except that the adsorption temperature was set 
at 25''G and the partial ozone pressure of the ozone- 

30 containing gas for testing use was kept at 0. 1 atm. After 
the saturation of the ozone adsorbent was confirmed by 
detecting ozone with the ozone analyzer 4. the valves 
5 and 6 were closed and the ozone adsorbent was held 
in that state for a period of 30 minutes, 1 hour, 4 hours 

35 or 8 hours. Thereafter, He gas was made to flow through 
the adsorbent container 2 by closing the valves 5 and 
6, opening the valves 7 and 8, and turning the three-way 
valve 3. Thus, the desorbed ozone-containing gas was 
fed to the ozone analyzer 4, so that the total amount of 

40 ozone desorbed was measured. The degree of ozone 
retention was determined as the ratio of the total amount 
of ozone desorbed to the total amount of ozone intro- 
duced into the adsorbent container 2 (from which the 
amount of ozone having initially broken through was 

45 subtracted). In FIG. 3, the degree of ozone retention is 
shown as a function of retention time. It can be seen that 
the degree of ozone retention is reduced as the retention 
time becomes longer, indicating the corresponding de- 
composition of ozone. In particular, silica gel shows a 

so faster reduction in the degree of ozone retention than 
dealuminized faujasite and mesoporous silicate. 
[0042] Next, the degree of ozone retention was deter- 
mined at varying retention times in the same manner as 
described above, except that the adsorption tempera- 

55 ture was altered to -60° C. The results thus obtained are 
shown in FIG. 4. As compared with FIG. 3 showing the 
results of determination at an adsorption temperature of 
25*0, the degree of ozone retention was more gently 
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reduced as a function of retention time. However, it can 
be seen that, while silica gei shows a more marked re- 
duction in the degree of ozone retention than dealu- 
minized faujasite and mesoporous silicate, dealu- 
minized faujasite and mesoporous silicate maintain a 
degree of ozone retention of as high as 92% even after 
the lapse of 8 hours. That is, when ozone is stored for 
a long period of time, the use of dealuminized faujasite 
and mesoporous silicate at as low an adsorption tem- 
perature as possible is effective in preventing the loss 
of ozone due to decomposition and thereby enhancing 
the recovery of ozone. 

Example 3 

[0043] Mesoporous silicate capable of adsorbing a 
large amount of ozone was charged into the adsorbent 
container 2 of the testing equipment of Example 1 . While 
the adsorption temperature was set at 32'*C, the same 
ozone -containing gas for testing use as in Example 1 
was introduced thereinto at a flow rate of 240 mIN/min. 
by opening the valves 5 and 6 and closing the valves 7 
and 8. The effluent gas from Ihe adsorbent container 2 
was diluted sevenfold by adding He gas thereto by way 
of the mass flow controller 9, and its ozone concentra- 
tion was measured with the ozone analyzer 4. FIG. 9 
shows changes in ozone concentration with elapsed 
time. Changes in ozone concentration were previously 
measured for an empty column and are also shown in 
FIG. 9. This ozone breakthrough test was repeated 
three tirnes. In FIG. 9, the area between the ozone 
breakthrough curve for an empty column and the ozone 
breakthrough curve for mesoporous silicate represents 
the amount of ozone adsorbed. 

[0044] After the adsortaenl was saturated with ozone 
in the test of FIG. 9, He gas was made to flow there- 
through at a flow rate of 305 mIN/min. by closing the 
valves 5 and 6, opening the valves 7 and 8, and turning 
the three-way valve 3. Thus, changes in ozone concen- 
tration with the time elapsed for the regeneration of the 
adsorbent were measured with the ozone analyzer 4 
(the test gas was diluted sevenfold as described above). 
FIG. 10 shows regeneration curves so constructed. The 
amount of ozone recovered by desorption corresponds 
to the area between the regeneration curve for an empty 
column and the regeneration curve for mesoporous sil- 
icate. . 

[004S] In the above-described tests, the amount of 
ozone adsorbed as determined from FIG. 9 was almost 
equal to the amount of ozone recovered by desorption 
as determined from FIG. 10, indicating that essentially 
no decomposition of ozone occurred between its ad- 
sorption and desorption. 

[0046] FIGs, 11 and 12 are graphs showing ozone 
breakthrough curves and regeneration curves, respec- 
tively, which were constructed in the same manner as 
for FIGs. 9 and 10. except that the adsorption tempera- 
ture employed in the above-described breakthrough test 



was altered from 32''C to -SCC. Also in these tests, the 
amount of ozone adsorbed as determined from FIG. 11 
was almost equal to the amount of ozone recovered by 
desorption as determined from FIG. 12. indicating that 
5 essentially no decomposition of ozone occurred be- 
tween its adsorption and desorption. 

Example 4 

10 [0047] First of all, ozone-adsorbing molded products 
were made. Specifically, a total of four silica sol binders 
(i.e., one silica sol binder containing essentially no alu- 
minum, and three silica sol binders containing 1 0, 20 or 
30% by weight of aluminum) were provided. 60 parts by 

IS weight of each silica sol binder 5 parts by weight of cel- 
lulose as an organic pore-forming agent, and 1 part by 
weight of a high polymeric flocculant were added to 100 
parts by weight of dealuminized faujasite or mesopo- 
rous silicate. After these components were well mixed 

20 together with water, the resulting mixture was molded 
into the form of a honeycomb suitable for placement in 
the adsorbent container shown in FIG. 8. The molded 
body was dried and fired at 650°C for 1 hour to obtain 
an ozone-adsorbing molded product. The four molded 

25 products so made had a porosity of 70% and a residual 
carbon content of 1% by weight. 

[0048] The adsorbent container 2 shown in FIG. 8 was 
charged with each of the above-described four ozone- 
adsorbing molded products (weighing 5 g). Then, the 

30 same ozone-containing gas for testing use as in Exam- 
ple 1 was supplied to the adsorbent container 2 by open- 
ing the valves 5 and 6 and closing the valves 7 and 8. 
Thus, the aforesaid ozone adsorbent was saturated with 
ozone and held in that state for 8 hours. Thereafter. He 

3s gas was supplied to the rear end of the adsorbent con- 
tainer2 by closing the valves 5 and 6, opening the valves 
7 and 8, and turning the three-way valve 3. Thus, the 
ozone adsorbed to the adsorbent was desorbed by 
purging and the ozone concentration in the effluent gas 

40 was measured with the ozone analyzer.4. The ratio of 
the total amount of ozone desorbed to the total amount 
of ozone adsorbed in the saturated state was regarded 
as the degree of ozone retention, and the relationship 
between the aluminum content in the binder and the de- 

45 gree of ozone retention is shown in FIG. 6. It can be 
seen from FIG. 6 that, if the degree of ozone retention 
is set at 90% from a practical point of view, the aluminum 
content in the binder must be kept within 2% by weight 
for both dealuminized faujasite and mesoporous sili- 

50 cate. In the case of silica gel. the degree of ozone re- 
tention is limited to about 76% because moisture is 
strongly adsorbed thereto prior to ozone in a moisture- 
containing system, it is difficult to recover the adsorbed 
ozone completely by desorption, and the degree of 

55 ozone decomposition is high. 
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Example 5 

[0049] Next, ozone-adsorbing molded products hav- 
ing different residual carbon contents were made. Spe- 
cifically, 60 parts by weight of a silica sol binder contain- 
ing essentially no aluminum, 5 parts by weight of cellu^ 
lose as an organic pore-forming agent, and 1 part by 
weight of a high polymeric flocculanl were added lo 1 00 
parts by weight of dealuminized faujasite or mesopo- 
rous silicate. After these components were well mixed 
together with water, the resulting mixture was molded 
into the form of a honeycomb suitable for placement in 
the adsorbent container shown in FIG. 8. The molded 
body was dried and fired for 1 hour. By varying the firing 
temperature from 450°C to 700*0, there were obtained 
a total of five ozone-adsorbing molded products each 
having a residual carbon content of 3% by weight. 2% 
by weight, 1 % by weight or 0.5% by weight or containing 
essentially no carbon. The five molded products so 
made had a porosity of 70%. 

[0050] The degree of ozone retention was determined 
in the same manner as in Example 4, except that each 
of the above-described five ozone-adsorbing molded 
products was used. The relationship between the resid- 
ual carbon content and the degree of ozone retention is 
shown in FIG. 7. It can be seen from FIG. 7 that, if the 
degree of ozone retention is set at 90% from a practical 
point of view, the residual carbon content must be kept 
within 0.1% by weight for both dealuminized faujasite 
and mesoporous silicate. 



4. A method of making an ozone-adsorbing molded 
product as claimed in claim 2 or 3 which comprises 
the steps of adding said Si02 binder and an organic 
pore-forming agent to said ozone adsorbent pow- 
5 der, molding the resulting mixture, and drying and 

firing the molded body to remove said organic pore- 
forming agent and thereby form pores. 
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Claims 



1 . An ozone adsorbent comprising one or more mem- 3S 
bers selected from Ihe group consisting of high-sil- 
ica pentasilzeolite having a SiOg/AlgOs ratio of not 
less than 70, dealuminized faujasite having a SiOg/ 
AlgOs ratio of not less than 20, and mesoporous sil- 
icate having a SiOg/AlgOs ratio of not less than 20. 40 

2. An ozone-adsorbing molded product made by pro- 
viding an ozone adsorbent powder comprising one 
or more members selected from the group consist- 
ing of high-silica pentasilzeolite having a SiOg/ 
AI2O3 ratio of not less than 70, dealuminized fauja- 
site having a Si02/Al203 ratio of not less than 20, 
and mesoporous silicate having a SiOa/AlaOg ratio 
of not less than 20, and molding the powder by use 

of a Si02 binder having an aluminum content of not so 
greater than 2% by weight, said ozone-adsorbing 
molded product having a porosity in the range of 30 
to 70% and a residual carbon content of not greater 
than 0.1% by weight. 

55 

3. An ozone-adsorbing molded product as claimed in 
claim 2 wherein said ozone-adsorbing molded 
product is in the form of a honeycomb. 
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